Faculty form judgments about the clinical competence of residents on a daily basis. These competence judgments play an important role in workplace-based assessment, and they will become even more important as competency-based medical education (CBME) becomes the predominant approach. [1] [2] [3] [4] A key premise of CBME posits that licensing exams are insufficiently representative of learners' clinical performance to remain as the principal summative waypoint between supervised practice and full licensure. 5 To strengthen such traditional approaches, CBME requires the use of workplacebased assessment strategies 6 such as entrustable professional activities (EPAs). 7 Current research suggests that increased reliance on workplace-based strategies 8 will necessitate better understanding of how faculty form their competence judgments. 9 Surgery provides a unique context to study what happens in settings where teachers closely observe learners in practice to inform their judgments about learners' competence. 10 Surgical faculty almost constantly observe residents when they operate; furthermore, surgical residents usually work with the same small group of supervisors over a period of months, allowing for repeated observations to accumulate. 11 Studying how surgeons form competence judgments may therefore provide insights that inform workplace-based assessment strategies in a variety of clinical settings.
Notwithstanding CBME's embrace, using competence judgments in workplacebased assessment has its challenges. Recent research into rater cognition 12 and reliability 13 problematizes the notion of CBME frameworks that use workplacebased assessments that purely aspire to reproducible objectivity and rely on the existence of unified standards of practice. 14 In the surgical context, these insights into the role of subjectivity in assessment suggest a fundamental and challenging question: What is a common standard of performance in the operating room? Education researchers have increasingly taken note of the procedural variations of surgical faculty and the practice variations of faculty in nonprocedural specialties. [15] [16] [17] Differences in faculty practices 15, 18 and care outcomes 19, 20 have precipitated research that explores how procedural and practice variations are tied to cultural norms and system factors. 17, [21] [22] [23] Yet the effects of interfaculty practice and procedural variations on the process of forming competency judgments have not been explored. 22, 23 The study of procedural variations calls into question one of the foundational notions of Abstract Purpose Emerging research explores the educational implications of practice and procedural variation between faculty members. The potential effect of these variations on how surgeons make competence judgments about residents has not yet been thoroughly theorized. The authors explored how thresholds of principle and preference shaped surgeons' intraoperative judgments of resident competence.
Method
This grounded theory study included reanalysis of data on the educational role of procedural variations and additional sampling to attend to their impact on assessment. Reanalyzed data included 245 hours of observation across 101 surgical cases performed by 29 participants (17 surgeons, 12 residents), 39 semistructured interviews (33 with surgeons, 6 with residents), and 33 field interviews with residents. The new data collected to explore emerging findings related to assessment included two semistructured interviews and nine focused field interviews with residents. Data analysis used constant comparison to refine the framework and data collection process until theoretical saturation was reached.
Results
The core category of the study, called staying in the game, describes how surgeons make moment-to-moment judgments to allow residents to retain their role as operators. Surgeons emphasized the role of principles in making these decisions, while residents suggested that working with surgeons' preferences also played an important role in such intraoperative assessment.
Conclusions
These findings suggest that surgeons' and residents' work with thresholds of principle and preference have significant implications for competence judgments. Making use of these judgments by turning to situated assessment may help account for the subjectivity in assessment fostered by faculty variations. assessment-that expert observers compare learners against a common standard of competence. To explore this challenging issue, we used a qualitative, theory-generating methodology to ask surgeons and residents how intersurgeon procedural variations shape competence judgments and how those judgments relate to the assessment of residents. This paper is the third in a series of grounded theory studies 22, 23 examining the role of procedural variations in surgical education, and it is the first of the series to deal directly with assessment. The first paper examined the way residents make sense of surgeons' procedural variations. 22 We introduced the concept of thresholds of principle and preference and the process of thresholding to describe how residents learn to navigate the variations that staff surgeons presented as absolute rules (principles) and the variations that staff surgeons presented as inconsequential personal choices (preferences). The second paper described how surgeons perceive the role of these thresholds of principle and preference in teaching. 23 We reported that surgeons endorse using intersurgeon procedural variations to teach residents about the complexity of surgical practice and the norm of autonomy in surgical culture. The final paper, presented here, asks, How do thresholds of principle and preference affect surgeons' process of forming competence judgments?
Method
Grounded theory, the methodological approach used in this program of research, iteratively refines theories as research progresses. [24] [25] [26] The data used in this program of research included observational data, in-the-field interviews, and audiorecorded semistructured interviews collected between May 2014 and April 2015 in three tertiary care teaching hospitals in Ontario, Canada. All of the observations and interviews across the entire data set were completed by a single student-researcher unaffiliated with the residency program (T.A.). The present paper answers previously unaddressed questions about assessment from three data sets of previously completed studies. 17, 22, 23 This paper both reexamines the previous data and compares those data with new data focused explicitly on assessment. Quality criteria for grounded theories consider the flexibility of a theory to be important for ensuring its rigor and transferability for new cultures and contexts. [24] [25] [26] The program of research described here followed this iterative refinement edict by exploring findings as they emerged during the yearlong analysis.
The reanalyzed observational data set includes ethnographic fieldnotes and reflexive memos collected over a total of 245 hours of observation across 101 surgical cases performed by 29 participants (17 surgeons, 12 senior residents) in 36 unique pairings of a surgeon with a senior resident. The reanalyzed interview data set includes 39 formal audiorecorded semistructured interviews (33 with surgeons, 6 with senior residents) and 33 focused field interviews with senior residents. Observations and interviews were conducted within a single specialty across multiple types of procedures performed on adult patients. Procedure length varied from 21 minutes to 7 hours 45 minutes. Average case length was 121 minutes. New data were gathered to further probe emergent themes regarding the relationship between thresholds and assessment; these included 9 focused field interviews and 2 formal audiorecorded interviews with residents. The entire body of formal, recorded interviews was transcribed verbatim, and analysis of transcripts, field interviews, fieldnotes, and memos was supported by NVivo10 qualitative data analysis software.
Performing observational research presents ethical challenges in health care settings. 27 Throughout the research, our group regularly discussed specific challenges of this project pertaining to the legal and ethical sensitivity of asking participants to discuss procedural variations. 28 The data collection and handling protocol for this paper was approved by the research ethics board of Western University.
The analysis for the previous papers included open line-by-line coding across 14 of the 39 interviews. Our approach to analysis relies primarily on constructivist grounded theory, as coined by Charmaz, 26 wherein the previous experiences of the researcher frame their interpretations of the data. For this current paper, the categories constructed through the previous analysis that pertained to assessment of learners were "constantly compared" 29 to develop and iteratively refine a new consolidated focused coding framework attending specifically to assessment. Constant comparison is the foundational premise of grounded theory, and it states that grounded theories are best refined when they are compared with emergent insights. 30 Therefore, for this paper, categories from the previous studies were used to inform ongoing data collection towards theoretically saturating the concept of assessment in the data set. The new focused coding regarding assessment was applied to the existing data set of 39 recorded interviews, 33 field interviews, and the fieldnotes from all observed cases. As analysis progressed, the additional data (9 field interviews and 2 semistructured interviews) were collected to theoretically sample unaddressed questions about assessment and emergent categories until "theoretical saturation" of the core category was achieved. 31(pp288,292) The additional 11 interviews were conducted with residents to explore emergent insights and refine the core category as expected in grounded theory research and the constant comparative method. 30 The additional interviews built on categories that previous studies had noted but not fully addressed. Our explicit focus in this analysis was the role of variations in assessment and intraoperative negotiation of responsibility. While surgeons were relatively explicit about their individual approaches, additional probing was required to understand how residents work in sometimes silent ways to adapt to faculty practices and expectations.
Results
We found that residents navigated interfaculty procedural variations on a moment-to-moment basis. These variations between faculty procedural approaches ranged from the small, like using cautery to make a cut rather than a scalpel, to the large, like using a laparoscopic approach rather than an open one. Surgeons used thresholds of principle and preference in their process of forming judgments about who should be operating and when during a surgical procedure. We named this social process "staying in the game," and it constitutes the core category identified in this study. Below, we describe how residents and surgeons understood the role of procedural variations in the process of forming competence judgments.
Residents used thresholding strategies to ascertain which interfaculty procedural variations were absolute rules and which were idiosyncrasies. Both residents and surgeons reflected that getting this process right contributed to residents' staying in the game, while getting it wrong was a key factor in losing their operator role. These judgments played a central role in determining how surgeons assessed residents to be competent to practice or not.
Quotes from surgeons are denoted with a subscripted "S" (e.g., S9 ), and quotes from residents are denoted with a subscript "R" (e.g., R12 ).
Principles and assessment
Surgeons perceived a responsibility to assess how long and to what degree a resident should be allowed in an active operator role during a procedure. How long residents were permitted to continue to manipulate tissue and make decisions depended on how well their decisions, movements, and verbal statements demonstrated a grasp of that surgeon's threshold of principle and preference. Surgeons in our study reported that their job was to assess residents and to balance the residents' efforts "to stay in the game" (S3) with a duty to "avoid complication" (S16) or "critical errors" (S8) and constantly be making "safe progress" (S5) .
If a resident was not doing it the way the attending [surgeon] wants them to do it they would lose their spot as a primary surgeon. Personally, for me, if they're progressing.… I let them continue in whatever way they want to continue.… If they're working and making progress on achieving the critical view safely, I'm okay with that. Now, if a resident is struggling [to do that], then I'll help them. I'll give them my tips, my pointers. If they're still not getting it, then they'll lose their spot. (S14) This surgeon positioned the staying-inthe-game decision as one dependent on patient safety. The surgeon conjectures that, while other surgeons might take over for a resident who does not employ their favored procedural variations, for this surgeon, the decision was based on patient safety. The other surgeons in our sample universally agreed. They felt that "first and foremost, you're motivated by patient safety" (S9) which they equated with their principles rather than their preferences:
One of the most important things you can look to when you want to give a resident independence and trust is that they show you a level of judgment that makes you go, "Okay, they know exactly what's going on in this case."… They have the judgment to say that they want to be a safe surgeon so [they think] "I'm going to do it this way" … and you [as the surgeon] go, "Okay, that's what I would have done." (S8) Demonstrating good "judgment," in this study, appeared akin to performing the procedure at the threshold of that day's surgeon. To gain trust and approval was to anticipate and perform in a way that demonstrated a grasp of the principles emphasized by a given surgeon. Surgeons reported that an impulse to be rigid in their principles, to be "controlling" (S9) , "a stickler" (S14) , or "obsessive with my things" (S12) , was in delicate balance with offering residents opportunities to operate using variations unfamiliar to the surgeon. Because the surgeons in this study asserted that their primary duty is to the patient, not the resident-that they "owe it to the patient to make sure it's done right" (S18) -their intraoperative assessments were presented primarily as a question of safety and of improving the resident's understanding of principles.
Preferences and assessment
Residents similarly reported that struggling to enact principles as expected by a supervising surgeon would lead to "switching sides" (R12) or losing their operator role. Residents acknowledged that surgeons considered "whether you are doing things safely-are you handing tissues appropriately, are you seeing the planes, [and] are you staying in the planes" (R6) when assessing their suitability to operate. However, they claimed that this assessment varied between faculty because "every single one will have their idiosyncrasies that, if you're a good resident, you'll pay attention to" (R11) .
Many of the surgeons in our study acknowledged that the "big secret … [is that] part of the issue is also the surgeon's comfort" (S20) with the procedure itself. Residents understood this "secret": According to them, knowing a surgeon's preferences could be as important as knowing their principles for increasing comfort and therefore for staying in the game. Many residents believed that their grades in formal end-of-rotation assessments tended to suffer if "you don't remember how to do it their way and you do it the way you're used to" (R1) . More emphatically, though, they suggested that "if I start a procedure and I don't remember how he wants me to do it, then he's probably not going to let me operate.… That would be it. It would be a long day of assisting" (R3) . Consequently, in their efforts to keep operating, residents found themselves not only trying to uphold individual surgeons' principles but also trying to learn when the assessment of their performance might rest on enacting the surgeon's preferences:
I saw his steps and I kind of memorized everything. And he's like, "Okay, you're going to do it. What do you do first?" I went through it and said, "I'm going to do this." "What's next?" "I'm going to do this." "Okay, what stitch are you going to use?" I said, "I'm going to use 2.0 Prolene," and he lost it cause it wasn't the right stitch and he switched sides with me and did the rest of the operation. (R12) This resident perceived that the choice of stitch in this step of the procedure was a preference rather than a principle. The resident also felt that failing to enact the surgeon's preference led to the command to switch sides. Making sense of the staying-in-the-game decision required residents to tacitly appreciate the importance of such preferences. As one resident put it, as a senior resident "you're not asking so much 'why did you do this or that,' because you don't care. You already know how to do [the procedure]" (R15) . Their goal, instead, was to stay in the game as long as possible. They perceived that being able to tacitly acknowledge the surgeon's preferences and to "do it their way" (R1) dramatically increased their chances of staying in the game and, therefore, made more intraoperative opportunities possible.
Thresholds and assessment
For surgeons. Surgeons' accounts of forming competence judgment focused exclusively on principles and patient safety. For some surgeons, the difference between principles and preferences was clear. These surgeons suggested that the division between principle and preference is always self-evident, that "there's a good way to [do it] and a bad way to [do it]" (S11) and that holding residents to that standard was uncomplicated. Surgeons who felt this way also felt that strong residents adapt to all of the preferences of the surgeon they're working with:
The person who is bright will know from talking to others, when you go to [my] service [I] want it done like this. And they would say, "Okay, I'll study up on it or read up" rather than arrive fresh on day one and not have any idea what my methods are. (S11)
Other surgeons acknowledged differences in how surgeons interpret thresholds of principle and preference. These surgeons suggested that what qualifies as a preference can be, at times, ambiguous:
They'll say to me, "How do you want me to do [this step]," and my answer is, "How do you want to do it?" [They respond,] "Well so-and-so does it this way and so-and-so does it that way, how do you do it?"… [But] I've done it many different ways over the years … [so I say,] "I want you to tell me what you're going to do and justify it." (S18) This surgeon's description suggests a fluid threshold that moves according to the resident's ability to synthesize and justify the variation they suggest to the surgeon. For both kinds of approach, however, how the resident navigates variations-how they speak about them, how they remain silent about them, how they act in relation to them-had strong implications for the surgeon's assessment of the resident's suitability to continue.
For residents. Residents reported that they routinely engaged in internal deliberations about which variations
should be principles and which should be preferences. Outwardly, though, residents rendered such deliberative thresholding work opaque to surgeons to avoid being relegated to "paint[ing] by numbers" (R12) , cutting where told but making few substantive decisions. Residents perceived that positive intraoperative assessments that allowed them to surpass "cutting by numbers" were more likely when they anticipated and acted in keeping with the threshold between principles and preferences for the surgeon of the day. To accomplish that feat, residents reported that they worked and spoke as if each surgeon's preferences were principles and equally important to patient safety:
[Ideally] everyone is working with the same principles and the same ideas of what is acceptable and what is not … but the complicated reality is that I'm not sure that ever happens … you start to develop your own way for a lot of things fairly soon on, and so what trust is seems to be more and more how you can do something other than the thing you think is safest and most useful. (R14) While the residents admitted that in their senior years they wanted to do the procedure the way they were most comfortable, they generally did not choose to defend their own thresholds or make explicit mention of the potentially inconsequential nature of preferences. Ultimately, the residents acknowledged, "at the end of the day it's [the surgeon's] patient. They're the ones that have that relationship [with the patient], and so I shouldn't really be getting confrontational" (R11) . Instead, residents perceived that demonstrating to a surgeon that they were capable and comfortable working at the surgeon's threshold was both a reasonable and necessary means of signaling that their performance warranted staying in the game.
Discussion CBME traditionally presupposes a common standard of performance. [1] [2] [3] [4] The theoretical insights from this study call into question the idea that faculty members hold in their heads a common vision of competence. Our findings suggest that interfaculty procedural variations are deeply embedded in practice and shape the performance standards of individual supervising faculty. Furthermore, residents are aware of this variability and tailor their performances accordingly to retain the operator role. On the basis of these findings, we call for a profound rethinking of what competence means in workplace-based assessment, with particular regard to the nature and implications of "subjectivity."
Is there a common standard of performance?
Conventionally, medical educators have considered assessment of clinical performance to be standardizable. 32 Whether or not such a standard exists in practice, even at expert levels, is a question medical education researchers rarely ask. 15, 19, 33 The surgeons in our study were unequivocal: There is a shared standard. There must be because the safety of patients depends on its existence. For surgeons, performing well in their jobs as surgical teachers depends on balancing operating on the patient as safely and effectively as they know how with the responsibility to initiate operative novices into the profession. However, despite their insistence that the process of forming competence judgments of residents is about principles and safety alone, their accounts offer hints otherwise, including the acknowledgment that they each might employ principles differently than their peers.
Residents' reports further complicate the picture, as they found themselves encountering and comparing the procedural variations of many faculty members. Rotation after rotation, they saw the same procedure performed multiple different ways. And, while they may have started to develop their own ideas about which variations are absolute rules of procedural safety and which are inconsequential variations, keeping thresholding tacit and employing the principles of that day's surgeon held the promise of keeping them in the game. On occasion, they may have thought that a variation taught to them by another surgeon was safer or more effective, or they may have felt that a surgeon was insisting that they needlessly alter course to a preferred variation; ultimately, however, residents learned to treat these acts of thresholding as opportunities for learning. Although we may question senior surgical residents' judgments about which of their surgeons' variations are most effective, [34] [35] [36] it remains the case that residents, not faculty, are in a position to see how different surgeons conduct the same procedure, and to compare how they characterize principles and preferences. Surgeons only rarely see their colleagues operating, 37 and they may therefore have little basis for considering how their own principles and preferences compare with those of other surgeons. Therefore, our findings suggest that a common, stable standard of performance may not exist and that surgeons may not be in a position to realize it. Residents have the best view of the fluidity and idiosyncrasy of performance standards, but a taboo on discussing these variations keeps them tacit. 22
Rethinking the conceptual basis of assessment
Traditionally, medical education works to pin down shared principles and minimize rater biases that stray from those principles. 38, 39 That effort remains an ideal worth striving for. However, if the assumption of a shared standard of procedural performance is more problematic than once thought, 20 where do we go from here? The best answers to this question may emerge from those who do the assessing in the first place. And getting to those answers may require asking potentially sensitive questions that have long gone unasked. 16, 40 Is the finding that there may be significant variation in their staying-in-the-game decisions and observational assessments surprising to surgical faculty? What would it mean to say that faculty agreement on principles is less than complete? Research in the philosophy of clinical science has claimed for decades that questions of principles, evidence, and what is safe are far more complex than researchers, practitioners, and policy makers acknowledge. [41] [42] [43] [44] [45] Yet the necessity to act, to make informed choices, remains. If medical education entertains the possibility that physicians and surgeons, even at the topmost levels of expertise, may disagree about principles, then how can we best move forward with the teaching, assessing, and licensing of new doctors?
Turning to situated assessment
Some potential answers to that quandary have begun to emerge in medical education research. 46, 47 The findings of this study on the role of procedural variation in surgical education has developed new insights into the nature of the small, everyday entrustment decisions faculty make about residents from moment to moment. These insights are only a part of a growing interest in reforming assessment in medical education. 32, 48, 49 Previous research in assessment has pointed out that the significant variability in competence judgments and low reliability between assessors remain pernicious problems in workplace-based assessment. 12, 50 Decisions about surgical competence may stand on shifting ground. Must we therefore dispense with the hope that trustworthy judgments about competence can be made by committee when individual assessors may not even agree on what competence looks like? Increasingly, researchers suggest that the solution may be to expand the construct of assessment from the singular to the programmatic. Programmatic assessment prioritizes collecting data points from multiple assessors that, while individually idiosyncratic, combine to illustrate a trustworthy picture of a learner's performance. 51, 52 In line with insight from "constructivist" approaches to assessment, the findings of this study suggest that aggregating diverse, intuitive competence judgments from multiple assessors may help to turn the subjectivity that appears inherent to the assessment of clinical performance from an individual weakness into a collective strength. 13, [53] [54] [55] Answering some questions about that subjectivity may help to significantly improve new programmatic approaches to assessment. Research on rater cognition tells us that there is a pattern to the subjectivities faculty bring to their assessments of learners. 56, 57 Previously, we may have simply called these subjectivities hawks and doves, but the theory of thresholds presents us with new opportunities. Rather than simplifying such subjectivity as a problematic overlay on assessment-tricky biases that obscure the accurate identification of true individual clinical competencethresholds suggest that clinical competence is inherently relational. If the faculty standards of practice against which we compare learners are at once locally situated, personally shaped, and culturally constructed, then assessment can be too. Educationalists use the term "situated assessment" to refer to assessment based on finely grained, moment-to-moment decisions (i.e., competence judgments) like staying in the game. 58, 59 In this case, situated assessments would aggregate the variability found in multiple surgeons' staying-in-thegame decisions about residents on a day-to-day level. This information could be used to track resident progress and provide finely grained information about surgeon-raters. For close to two decades, education researchers have suggested that assessment in the professions could be improved by taking stock of situated assessments. 58, 59 Acknowledging and investigating the role of thresholds in assessment may help bring that suggestion to fruition.
Fitting situated assessment into current frameworks
Mechanisms already exist for taking situated assessments into account within CBME. 14 Reforms in CBME have pushed "social judgments" into the forefront of innovation. 56, 60 Approaches based on entrustment consider faculty subjectivity as an aspect of intuitive assessment rather than thinking exclusively about a generic individual standard of competence. [61] [62] [63] The literature on EPAs poses entrustment as a collective and relational concept: Learners are entrusted to perform their work by multiple faculty members as part of a complex network of care provision. 64, 65 As policy begins to develop around entrustment [66] [67] [68] and EPAs, 69, 70 and as attempts are made to incorporate them into existing competency-based assessment frameworks, 11, 71, 72 this collective notion of entrustment will need to take individual patterns into account if faculty are to successfully arrive at collective competence judgments. Some tools exist to help medical education keep track of this richness of data. Innovative surgeon-educators have turned to smartphone-based tools to track individual surgeons' varied intraoperative entrustment of residents. 68, 73 These tools may help in triangulating multiple surgeons' impressions of a resident's operative competence, but they cannot fully solve the problem. Instead, solutions like these highlight the importance of honest conversations between faculty about their principles, especially in assessment-focused settings like clinical competence committees. Fostering honest conversations about the role of variations and thresholds of principle and preference in medical education may ultimately help EPA-based assessment and CBME to more authentically approach the collective negotiation of competence.
Limitations
Grounded theory provides researchers with an opportunity to conceptualize how the social processes of the workplace function. It can help us to take note of previously unacknowledged patterns in the ways individuals interact with each other, with the norms of the culture they find themselves in, and with the broader societal context in which they are situated. This exploratory approach does not work to reproducibly test hypotheses. Therefore, we did not attempt to correlate individual surgeons' perspectives on thresholds with measurements of the length of time they allowed residents to stay in the game. Nor did we take precise recordings of other potential factors influencing surgeons' decisions to take over from residents such as time pressure, the resident's year of training, or case complexity. Nor did we attempt to find "true" principles by correlating the principles surgeons espouse for each procedure with clinical practice guidelines, operative textbooks, or clinical evidence. Nor did we test out the accuracy of our theory regionally, nationally, or internationally. Pursuit of this kind of knowledge is best left to other types of research beyond the theorybuilding research we conducted here. That said, developing such generalizable insights may become more possible as the theory of thresholds becomes part of the medical education research conversation. We invite medical education researchers with expertise in multiple methodologies to engage in this work in the future.
Future research
The importance of the staying-in-thegame decision begets further questions about teaching and assessment in medical and surgical workplaces. For example, if we teach faculty members about the thresholding work learners do, might that change the way those faculty members appreciate their own procedural variations? Can EPA-based assessment tools that help faculty capture their situated assessments of procedural entrustment be integrated in competencebased assessment frameworks? Answering such questions will require sustained engagement with the challenges posed by thresholds of principle and preference.
